put 



(19) 




Euroj^jyhes Patentamt • 
Eur p an Patent Office 
Otfic uropeen d s brev ts 



ill 



III 



(11) 



EP 0 765 199 B1 



(12) 



EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
31.05.2000 BuHetin 2&00/22 

(21) Application number: 95926093.6 

(22) Date of filing: 17.67.1995 



(51) intci 7; B22F 1/02, H01F 1/26 

(86) International application number: 
PCT/SE 95/00874 

(87) International publication number: 

WO 96/02345 (01 .02.1 996 Gazette 1 996/06) 



(54) IRON POWDER COMPONENTS CONTAINING THERMOPLASTIC RESIN AND METHOD OF 
MAKING SAME 

EISENPULVERKOMPONENTEN MiT THERMOPLASTISCHEM HARZ UND VERFAHREN ZU 
DEREN HERSTELLUNG 

COMPOSANTS A BASE DE POUDRE DE FER CONTENANT DE LA RESINE THERMOPLASTIQUE 
ET LEUR PROCEDE D'ELABORATION 



(84) Designated Contracting States: 

AT CH DE DK ES FR GB IT LI NL PT SE 

(30) Priority: 18.07.1994 SE 9402497 

(43) Date of publication of application: 
02.04.1997 Bulletin 1997/14 

(73) Proprietor: HOGANAS AB 
263 83 Hoganas (SE) 

(72) Inventor: JANSSON, Patricia 
260 40 VI ken (SE) 

(74) Representative: Thylen, Eva Matilda et al 
AWAPATENT AB, 

Box 5117 

200 71 Malmo (SE) 



(56) References cited: 
EP-A- 0 540 503 
US- A- 5 268 1 40 



DE-A- 3 439 397 



• DERWENT'S ABSTRACT, No. 43544D/24, week 
8124; &SU,A,765 891 (LEVCHENKO SI), 23 Sept. 
1980. 

• DIALOG INFORMATION SERVICES, File 351, 
Derwent WPI, Dialog Accession No. 009630229, 
WPI Accession No. 93-323778/41 , AS AH I CHEM. 
IND. CO. LTD., "Thermosetting Type Magnetic 
Composite Resin Bonded Magnetic - Consists of 
Rare Earth MetaMron-Nitrogen Based Magnetic 
Powder Lubricant, Coupling Agent and 
Thermosetting Resin"; & JP^A?05 234 728, 
(10-09-93), 9341 (Basic). 



i 



CD 



I 



in 

CO 



Note: 'Wrthih".hin&. months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve. 75001 PARIS (FR) 



• EP 0 765 199 B1 



Description ' 

moon This invention relates to a process of heat treating compacted iron-based powder compositions. More partic- 

aoSxed with a thermoplastic material in the presence of an organic solvent, * compacts ^ » d » ^.JJJ^S 
above the glass-transition temperature of the thermoplastic material and the obta ' S TjZ r^o 

can be double-coated such as where, in addition to an outer layer of the thermoplastic material, the particles 
first inner coating of an insulative material such as iron phosphate. ^* SmB n f imn hased 

0003] I" brief' the present invention concerns a process, according to which P^"^^'™^ 
particles are admixed with a thermoplastic material. The obtained mixture ,s 

glass-transition temperature or melting point of the thermoplastic material and the ^^.^"^^,3 
order to cure the thermoplastic resin. Subsequently the obtained compacted component ,s optionally annealed 

^^^^^^ a process for powder-metallurgica, preparation of products having high 
strength and good soft-magnetic properties comprising the following steps 

a) treating partic.es of an atomised or sponge iron powder with phosphoric acid at a temperature and for a time 
sufficient to form an iron phosphate layer material, 

2 So Z drpowdeTSa dry powder of a thermoplastic resin selected from the group consisting of polyphe- 
%ZelZs : ano P^yetherimideYand oligomers of amide type, and with a .ow-me,ting lubncantto form a sub- 

: jSS^SKSS^TnSu™ in a die at a temperature below the glass-transition temperature or 
meltinq point of the thermoplastic resin 

e) heating the compacted product to the curing temperature of the thermoplastic resin, and thArmQDla8tic 
- JopSSy annealing the obtained component to a temperature above the curing temperature of the thermoplastic 



resin, 



[0005] In step a) of the process, particles of an atomised or sponge iron powder are preferably treated «£T£^ 
phosphoric add solution t^orm an iron phosphate layer at the surface of the iron P a r^? B £^^ r S 
Sent is carried out at room temperature and for a period of about 0.5 to about 2 hours. The wat er 
at a temperature of about 90°C to about 1 00°C in order to form a dry powder. According to another embod.ment of the 
invention the iron powder is treated with phosphoric acid dissolved in an organic solvent rtjcle as 

fOOOS] The phosphorous layer should be as thin as possible and at the same t.me coat.ng the sepa ate particle as 
completely as'possib.e. Thus the amount of phosphorus is higher for powders wrth a larger specie ^urfac a^a As 
sDonoe oowders have a higher specific surface area than atomised powders the amount of P should genera _ny d 
highT^^^ for atomised powders. In the first case the P amount may vary betweer . about 0.02 

and 0 06, preferably between 0.03 and 0.05 whereas in latter case the P amount might vary between 0.005 and 0.04, 

preferably between O.OOS and 0.03% by weight of the powder. „„,„ more havina a weiaht 

fOOOT] The specific thermoplastic materials used in the process of the invent.on may be polymer 5 ha y' n 9 a we ' 9 ^ 
averaae macular weight in the range of about 10 000 to 50 000 and a level of crystall.nrty that altows them to be 
S^^^Wv.nt. More' specifically, the polymers are polypheny.ene ethers an 7^«2^^ s 
tned in US patent 5 268 140 which is hereby incorporated by reference .^ommercia ^^^^J^ 
sold under the trade name of ULTEM® resin. The most preferred ULTEM® res.n ,s ULTEM® 
thermoplastic materia, which can be used according to the invention is ^^^^^^"J^ 
molecular weight less than 30 000. Oligomers of this type are discosed ,n (PCT/SE95/00636) WO 95/335B wn 
also incorporated by reference. Specific examples of oligomers are orgasols such as Orgasol 3501 and Orgasol 2001 
ava° able from Elf Atochem, France. These types of polymers are less amorphousj.e. m »*^^ e ^^S? g 
mers according to US patent 5 268140 and are not distinguished by glass-trans.tions temperatures but by melt.ng 
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[0008] The particle size of the thermoplastic material is not critical. It is however preferred that the particle size is 
below about 100p.m. The amount of the thermoplastic material may vary between 0.1 and 1% by weight of the iron 
powder, preferably between 0.2 and 0.6% by weight 

[0009] In contrast to the process disclosed in the US patent 5 268 140, it is mandatory to use a lubricant in the 
process according to the present invention. 

[0010] Various lubricants can be used for mixing with the iron and thermoplastic particles. The lubricant, which pref- 
erably is of the low-melting type, may be selected from the group consisting of metal stearates, waxes, parafins, natural 
or synthetic fat derivates and oligomers of the amide type discussed above. Examples of commercially available lu- 
bricants which can be used in the process according to the invention are Kenolube® available from Hoganas AB 
Sweden, H-wax® available from Hoechst AG, Germany and Promold® available from Morton International of Cincinatti, 
ihio. In this context it should be mentioned that the oligomers of amide type could be used either as thermoplastic resin 
or as lubricant or both. Thus, according to one embodiement of the invention, the insulated iron powder is mixed only 
with the oligomer in question, compacted at a temperature below the melting point of the oligomer, heated for curing 
the oligomer and optionally annealed. 

[0011] The lubricants are used in amounts of 0.1 to 1%, preferably 0.2 to 0.8% by weight of the iron powder. 
[0012] The powder composition of iron, thermoplastic resin and lubricant can be formed into molded components 
by an appropriate molding technique with a conventional die without any additional heating equipment as in the process 
according to the US patent. However, the mixture of iron powder, thermoplastic material and lubricant can also be 
preheated to a temperature below the glass-transition temperature or melting point of the thermoplastic resin before 
it is fed into the die which is also pre-heated to a temperature below the glass-transition temperature/melting point. 
According to a preferred embodiment, the powder composition can be formed into molded components by a cold 
compaction process, i.e. the compacting step is carried out at ambient temperature. The compacting step is carried 
out at a pressure between about 400 and 1800 MPa. 

[0013] In the final, optional heat treatment or annealing step, the compacted and cured mixture is subjected to a 
temperature well above the curing temperature of the thermoplastic material. For the preferred thermoplastic materials 
according to the present invention, this involves heating to a temperature between about 100 and 600°C. Preferably 
the temperature varies between 200 and 500°C and most preferably between 300 and 400°C. The heat treatment is 
preferably carried out in one separate step. 

[0014] The main difference between the present process and the previously known process is that the process ac- 
cording to the present invention involves a compacting step which is carried out at a temperature below the glass- 
transition temperature or melting point of the thermoplastic resin. From this follows that the present process is less 
energy consuming and accordingly less expensive at the same time as, quite unexpectedly, essentially the same soft- 
magnetic properties can be obtained. Additionally, the use of lubricant in the powder mixture eliminates the need to 
lubricate the die which is necessary in the process according to the US patent. Another advantage over the known 
process is that the present process can be carried out without the use of any environmentally detrimental organic 
solvents and in a conventional die. 

[0015] The specific thermoplastic materials used according to the present invention eliminate the need of using 
alternating temperatures and pressures for obtaining the best results as is the case according to German Patent 34 
39 397. This feature makes the present invention far more attractive from an industrial point of view than the process 
according to the German patent. 

[0016] As regards the soft-magnetic properties it has been found that, at high frequency, the permeability versus 
frequency curves are essentially the same for products prepared according to the present invention as for the products 
prepared according to the known process. Also the strength of the materials is similar 
[0017] The invention is further illustrated by the following examples. 

Example 1 

[0018] A mixture based on SCM100.28 (an iron powder available from Hoganas AB, Sweden) was treated with 
aqueous phosphoric acid and dried in order to provide a phosphorous coating on the iron particles. A total of 1 % organic 
material composed of 0.5% Ultem®, particle size <70u.ni and 0.5% Promold lubricant was dry-mixed to achieve a 
sample of a homogeneous material. 

[0019] A mixture was based on ABM 100.32 (an iron powder available from Hoganas AB, Sweden) which has been 
treated with phosphoric acid and dried in order to provide a phosphorous coating on the iron particles. A total of 0.7 /o 
organic material composed of 0.6% Orgasol and 0.1% Zn-stearate lubricant was dry-mixed to achieve a sample of a 
homogeneous material. 

[0020] An iron powder TC, prepared according to the US patent 5 266 1 40 and marketed by Hoeganas Corporation, 
Riverton N.J. as TC powder, was used as a reference sample. This sample was based on an iron powder with a 
phosphorous coating. An additional coating of Ultem® 1000 had been provided on the phosphate-insulated iron par- 
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tides. (1% of the Ultem polymer was dissolved in an organic solvent and mixed with the phosphate-insulated iron 
particles. The solvent was then evaporated.) 

[0021] All the samples were compacted at 600 MPa. The products according to this invention, i.e. the products 
containing Ultem® and Promoid® and Orgasol® and zinc stearate, respectively, were compacted at ambient temper- 
ature in a conventional press. The twin-coated or double-coated powder according to the known process was pre- 
heated to a temperature ot 150*0, and compacted in a die heated to 218 e C, which is just above the glass-transition 
temperature ot Ultem® 1 000. All three samples were subsequently annealed at a temperature of 30O°C. The magnetic 
properties are essentially the same for the cold-compacted product comprising Ultem® and Promoid® according to 
the present invention as for the warm-compacted known product based on the double- or twin-coated product. The 
product based on Orgasol® and zinc stearate has a somewhat different profile with higher permeability at low frequen- 
cies and lower permeability at higher frequencies as shown by the permeabiliy versus frequency curves of Figure 1. 

Example 2. 

[0022] The mixture is based on ABM 1 00.32 (an iron powder available from Hoganas AB, Sweden), which has been 
treated with phosphoric acid and dried in order to provide a phosphorous coating on the iron particles. A total of 1% 
organic material composed of 0.5% Ultem® and 0.5% Orgasol® lubicant was dry mixed to achieve a sample of a 
homogeneous material. 

[0023] A mixture treated with phosphoric acid as above and based on ABM 100.32 with 0.5% Ultem® and 0.5 /o 
Kenolube® lubricant was dry mixed to achieve a sample of a homogeneous material. 

[0024] A mixture treated with phosphoric acid as above and based on ABM 100.32 with 0.6% Orgasol® as both 
lubricant and thermoplastic resin was dry mixed to achieve a sample of a homogeneous material. 
[0025] The samples were compared after compacting at 600 MPa and ambient temperature followed by heat treat- 
ment at 300°C for 60 minuted in air. The strength is compared in Table 1 . 

Table 1 



Material 300°C 60 minutes air 


Density 600 MPa 


Green strength 600 MPa 


ABM 100.32+0.5% Ultem(D.M.) + 0.5% Kenolube 


6.83 g/cm 3 


80 N/mm 2 


ABM 100.32+0.5% Uitem(D.M.) + 0.5% Orgasol 


6.69 g/cm 3 


108 N/mm 2 


ABM1 00.32+0.6% Orgasol 


7.15 g/cm 3 


107 N/mm 2 
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The samples were compared after compacting at 800 MPa and ambient temperature followed by heat treatment at 
300°C for 60 minutes in air. The permability versus frequency is disclosed in Fig. 2. 



Exemple 3 

[002B] The mixture was based on ABM 100.32 (an iron powder available from Hoganas AB, Sweden) which has 
40 been treated with phosphoric acid and dried in order to provide a phosphorous coating on the iron particles). A total 
of 1 % organic material composed of 0.5% Ultem and 0.5% Orgasol lubricant was dry mixed to achieve a sample of a 
homogeneous material. 

[0027] A mix based on ABM 1 00.32 with 0.6% Orgasol as both lubricant and thermoplastic was dry mixed to achieve 
a sample of a homogeneous material. 
45 [0028] The effect of warm compaction at approximately 600 MPa compared to ambient temperature compaction at 
800 MPa is shown in Fig 3 and 4. The temperature for warmcompaction is powder temperature 110 o C-115°C and the 
cooling temperature 1 30°C for both samples. This is below the glass-transition temperature (Tg) for Ultem. In the case 
of Orgasol, the temperature is below the melting point (Tm). 



so 
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Claims 

1. A process for powder-metallurgical preparation ot products having high tensile strength and good soft-magnetic 
properties comprising the following steps 

a) treating particles of an atomised or sponge iron powder with phosphoric acid at a temperature and tor a 
time sufficient to form an iron phosphate layer material, 

b) drying the obtained powder, 
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c) mixing the dry powder with a dry powder of a thermoplastic resin selected from the group consisting of 
polyphenylene ethers, polyetherimides and oligomers of amide type, and with a low-melting lubricant to form 
a substantially homogenous particle mixture, 

d) compacting the obtained powder mixture in a die at a temperature below the glass-transition temperature 
5 or melting point of the thermoplastic resin 

e) heating the compacted product in order to cure the thermoplastic resin, and 

f) optionally annealing the obtained component to a temperature above the curing temperature of the thermo- 
plastic resin. 

io 2. Process according to claim 1 , characterised in that the lubricant is selected from the group consisting of stearates, 
waxes, parafins.natural and synthetic fat derivatives and oligomers of polyamide type. 

■ 3. Process according to claim 1 or 2, characterised in that the particles of the atomised or sponge iron powder are 
treated with aqueous phosphoric acid. 

15 

4. Process according to any or the claims 1 - 3, characterised in that the resin is added in an amount of 0.1 to 2% 
by weight of the iron powder, preferably below t.5%. 

5. Process according to any of the claims 1 or 4, characterised in that the thermoplastic resin has a particle size 
20 below 200 jim, preferably below 100 urn 

6. Process according to any of the previous claims characterised in that the temperature of step f) varies between 
100° and 600° C. 

25 7. Process according to claim 6, characterised in that the temperature varies between 200° and 500°C, preferably 
between 300° and 400° C. 

8. Process according to any of the claims 2-7, characterised in that the compacting is carried out at ambient tem- 
perature. 
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9. Process according to any of the preceeding claims characterised in that the thermoplastic resin and the low- 
rnelting lubricant is an oligomer of amide type. 



35 Patentanspruche 

1. Verfahren zur pulvermetallurgischen Herstellung von Produkten mit einer hohen Zugfestigkeit und guten weich- 
magnetischen Eigenschaften, das die folgenden Stufen~nrlT?af3t 

to a) Behandeln von Teiichen aus einem Verdusungs- oder Schwamm-Eisenpulver mit Phosphorsaure bei einer 

Temperatur und fur eine Zeitspanne, die ausreichen fur die Bildung eines Eisenphosphat-Schichtmaterials, 

b) Trocknen des erhaltenen Pulvers, 

c) Mischen des trockenen Pulvers mit einem trockenen Pulveraus einem thermoplastischen Harz, ausgewahlt 
aus der Gruppe, die besteht aus Polyphenylenethern, Polyetherimiden und Oligomeren vorn Amid-Typ, und 

45 mit einem niedrigschmelzenden Gleitmrttel (Schmiermittel) unter Bildung einer im wesentlichen homogenen 

1 Teilchenmischung, 

■ d) Pressen der erhaltenen Puivermischung in einer Form bei einer Temperatur unterhalb der Glasumwand- 

j lungstemperatur oder des Schmelzpunkts des thermoplastischen Harzes, 

j e) Erhitzen des gepreBten Produkts, um das thermopiastische Harz auszuharten, und 

50 f) gegebenenfalls Tempern der erhaltenen Komponente bis zu einer Temperatur oberhalb der Aushartungs- 

j .temperatur des thermoplastischen Harzes. 

i 



i 



3 



2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB das Gleitmittel (Schmiermittel) ausgewahlt wird aus 
der Gruppe, die besteht aus Stearaten, Wachsen, Paraffinen, naturlichen und synthetischen Fettderivaten und 

55 Oligomeren vom Polyamid-Typ. 

3. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB die Teiichen aus dem Verdusungs- oder 
Schwamm-Eisenpulver mit einer waBrigen Phosphorsaure behandelt werden. 
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. temperature ambiante. 

9. Procede selon I'une quelconque des revendications precedentes, caracterise en ce que la resine thermoplastique 
et le lubrifiant a bas point de fusion sont un oligomere de type amide. 
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